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INTRODUCTIOri. 


In  1811  Arago  discovered  that  rotation  of  the  plane  of 

polarization  occurs  when  plane  polarized  ligat  is  transmitted 

through  quartz  in  the  direction  of  its  optic  axis.   This  v/as 

2 
followed  by  tiie  careful  investigations  of  Riot  which  led  him 

to  the  deduction  of  his  three  well-known  laws.   That  the  phe- 
nomenon was  not  confined  to  solids  alone  but  occurred  also 
with  liquids  and  gases,  was  soon  made  evident  by  the  work  of 

Biot,  Sir.  J.  Herschel,  Brewster,  Faraday  and  others.   Then 

3 
followed  Faraday's  discovery  that  the  plane  of  polarization 

is  rotated  also  by  a  magnetic  field. 

4 

After  the  discovery  by  Fox  Talbot  about  1840,  of  the 

existence  of  anomalous  dispersion,  this  phenomenon  was  looked 

for  in  the  rotatory  dispersion  of  optically-active  substances. 

5  e  7  8         9 

Biot  ,  Arndtsen  ,  Landolt  ,  Nasini  and  Gennari  ,  Cotton  and 
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others  observed  anomalous  rotatory  dispersion  in  various  nat- 
urallyacti-veliquids. 

It  was  natural  to  expect  that  this  anomaly  raifnt  possibly 
exist  in  mapnet ically-acti ve  substances  also;  several  inves- 
tigators have  studied  various  substances  with  results  not 

10 
altogether  concordant.   Becquerel   in  1880  observed  the  effect 

in  oxygen  but  others  have  been  unable  to  confirm  his  results. 

11 
Macaluso  and  Corbino   worked  v/ith  sodium  vapor  and  folJind  that 

the  rotation  was  positive,  and  abnormally  great,  on  each  side 

of  the  D  absorption  band,  but  had  a  small  positive  value  in- 

12 
side  the  band.   Zeeoan   also,  witn  a  flame  between  magnet 

poles,  investigated  the  rotation  with  quite  rare  vapor  in 

the  vicinity  of  the  D  lines  and  obtained  a  positive  rotation 

just  outside  the  two  D  lines  and  a  very  great  negative  rotation 

13 
inside  each  of  them.   Cotton    found  an  apparent  anomalous 

rotation  in  ferric-chloride,  cupric-acetate  and  otr.er  liquids. 

ne    found  v/ith  a  solution  of  a  substance  v.'ith  which  he  could 

measure  on  only  one  side  of  the  absorption  band  of  the  substance, 

that  on  approaching  the  absorption  band  from  the  red  towards 

the  violet,  the  rotation  was  rreater  than  the  value  for  the 
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13.  Cotton,  L*  eclair  electr.  8,  p.  162, and  169,  1896. 
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solvent  alone.   Then  with  a  solution  of  another  substance  with 

which  he  could  approach  the  absorption  band  fro"  the  violet 

towards  the  red,  he  found  a  rotation  sngiller  than  the  value 

for  the  solvent  alone.   From  this  he  concDuded  that  for  both 

of  the  dissolved  substances,  the  rotatory  dispersion  curve  was 

of  the  sa^ie  type  as  the  ordinary  anomalous  dispersion  curve. 

He  did  not  determine  the  curve  for  both  sides  of  the  same 

absorption  band  nor  did  he  measure  the  rotation  inside  the 

band  . 

14 
In  1900,  Schnauss   worked  v/ith  very  thin  alcoholic  solutions 

of  fuchsin,  cyanin,  naphthalin-red  and  eosin  and  didymium 

F,lass.   The  greatest  concentrations  by  v/eight  varied  from 

0,000004  to  0.000024.    All  of  his  curves  show  a  raaxinum  and 

a  minimum  point  at  each  absori^tion  band  and  are  similar  to  the 

15 
curves  for  ordinary  anomalous  dispersion.   He  later   investi- 

?-ated  liquid  oxygen  and  solutions  of  aniline-blue,  litm.us  and 
three  of  the  rare  earths.   His  results  show  that,  (1)  the  anom- 
alous effects  increase  with  increasing  con ce  itrati on ,  (2)  the 
maximum  rotation  is  independent  of  the  field  strength  and  (3) 
the  negative  rotation  inside  the  absorption  band  decreases 

with  increasing-  field. 
16 
Bates   has  been  unable  to  confirm  the  work  of  Schmauss. 


14.  Schmauss,  Ann.  d.  Phys.  2,  p.  280,  1900. 

15.  Schmauss,  Ann.  d.  Phys.  8,  p.  842,  1902;10,  p.  853,  1903. 
It.  Bates,  Ann.  d.  Phys.  12,  p.  109,  1903. 
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v/ith  alcoholic  solutions  of  fuchsin  and  cyanin  ar.d  aqueous 
solutions  of  anllJne-blue  and  litmus  in  a  very  sensitive  appa- 
ratus, he  found  no  anomaly  whatsoever  . 

In  the  light  of  these  apparently  contradictory  results,  it 
seemed  as  though  more  v;ork  should  be  done  to  endeavor  to  ob- 
tain further  evidence  on  the  question  and  it  v/as  vith  this 
object  in  view  that  the  present  experiment  was  undertaken. 
Hitherto  the  experiments  with  sodium  vapor  have  in  general, 
been  made  with  sodium  salts  in  flames.   These  comparatively 
rare  vapors  have  confnned  the  observations  to  the  very  immedi- 
ate vicinity  of  the  D  lines.   By  employing  much  denser  vapors, 
it  has  been  found  possible,  as  will  be  shown  in  this  paper, 
to  measure  the  magnetic  rotation  over  a  much  v/ider  range  on 
each  side  of  th?  D  lines  and  to  show  that  the  absorption  bands 
in  the  red  and  blue  have  also  a  very  great  effect  on  the  rota- 
tion. 
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APPARATUS  AND  METHOD. 

The  sodium  vapor  obtained  by  heating  some  sodium  salt  in 
a  flame  is  necessarily  ver^'  rare,  and  with  such  a  vapor^as 
is  well  known,  the  rotation  only  very  near  the  D  lines  is 
perceptible.   In  order  to  obtain  greater  rotations  it  is  ob- 
vious that  denser  vapor  must  be  employed.   This  was  acccnplis ':ed 
by  heating  with  a  Bunsen  flame,  pure  sodium  in  an  exhausted 
glass  t-)be.    This  tube  of  hard  Jena  glass  had  a  length  of 
25  c:-n.  and  an  insiide  diameter  of  1.3  era.      Over  this  and  occupy- 
ing a  position  midway  bet.veen  the  ends  of  the  glass  tube  was 
a  brass  tube  8.2  cm.  in  length  and  of  such  a  diameter  that  it 
would  just  slide  easily  on  the  glass  tube.   A  solid  cylindrical 
piece  of  pure  sodium  of  t-ie  sane  length  as  t  ni  s  brass  tube 
and  having  a  diameter  of  0.6  era.  was  prepared  in  the  follow- 
ing way.   A  good-sized  piece  of  sodium  was  selected  and  after 
being  dried  off  with  filter  paper,  a  piece  was  cut  out  of  the 
interior  of  t.iis  and  then  melted  for  several  minutes  in  an  iron 
crucihle  over  a  Bunsen  flame.   The  occluded  gases  having  t.ius 
been  driven  off,  tie  molten  metal  was  poured  into  an  iron  cyl- 
inder.  This  cylinder  had  a  tight  fitting  iron  piston  which, 


6. 
when  pressed  in  bj'  squeezing  in  a  vise,  forced  the  sodium  out 
through  a  s'nall  hole  in  the  end  and  the  desired  length  was  then 
cut  off.   This  sodium  stick  was  then  placed  in  the  centre  of 
the  glass  tube  as  quickly  as  possible  to  prevent  the  ^noist  air 
coming  in  contact  with  it,  and  the   ends  of  the  tube  closed 
with  thin  pieces  of  glass,  ceraented  on.   These  glass  ends  were 
first  Tiade  from  microscope  cover  glasses  but  these  were  so  thin 
that  the3/  beca:ne  doubly-refracting  when  the  tube  v/as  exhausted 
and  the  ends  were  after  this  made  from  microscope  slide s .   These 
glass  ends  were  tested  in  the  magnetic  field  employed  for  the 
experiment,  but  no  rotation  due  to  the-:  could  be  detected.   The 
cedent  was  nixed  with  larap-black  to  prevent  undesirable  lipht 
being  transmitted  through  the  glass  itself  of  tne  tube. 

Directly  over  the  sodium  and  inside  the  glass  tube  was  a 
ther TO-e lement  made  of  iron  and  constantin  fused  together;  the 
ends  from  this  passed  out  through  a  fine  glass  tube  at  one  end 
of  the  sodium  tube.   Passing  through  the  other  end  was  a  tube 
of  sriall  diameter  which  was  connected  to  an  air-pump  and   sealed 
off  after  exhausting  the  tube.   The  vacuum  used  was  about  one- 
tenth  of  a  ram.  of  ^nercury.   This  sodium  tube  was  then  placed 
inside  a  J'araday  magnet  as  shown  in  the  figure,  so  that  just 
that  part  of  the  tube  containing  the  sodium  was  between  the 
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poles  of  the  magnet.   The  ^narnet  possessed  the  usual  llicol 
prisns,  one  at  each  end,  the  analyzing  one  being  provided  with 
•i  rotating  arm  and  scale  which  could  be  read  to  tenths  of 
degrees.   The  wires  from  the  t.herno-ele  lent  passed  out  along- 
side this  latter  Nicol  and  communicated  with  a  galvanometer  and 
two  otner  t hemo-ele  lents  ,  one  of  iron  and  copper  and  the  other 
of  constantin  and  copper.    These  two  eleTients  v/ere  placed 
side  by  side  in  a  kerosenia  bath  and  kept  at  constant  tempera- 
ture.   Directly  beneath  the  centre  of  the  brass  tube  was  a 
Bunsen  burner,  the  height  of  v/hich  was  so  regulated  as  to 
produce  the  required  temperature  of  the  vapor,  as  deter-'iined 
by  the  scale-reading  of  the  galvanometer.    The  brass  tube 
served  to  distribute  the  heat  from  the  flar:e  more  evenly  than 
could  otherwise  have  been  done,  on  all  sides  of  the  sodium 
tube,  and  by  this  means  the  vapor  was  kept  at  a  very  uniform 
density.  Hhen    the  flaMe  is  turned  on,  the  sodium  in  the 
bottom  of  the  tube  soon  melts  and  one  might  at  first  expect 
that  not  only  would  the  melted  sodium  spread  out  over  the 
entire  length  of  the  tube  but  that  tne  vapor  also  would  soon 
fill  tne  entire  tube.   This,  hov/ever,  is  not  the  case.   Con- 
trary to  tne  behavior  of   ost  substances  the  melted  sodium 
remains  of  practically  constant  length  and  the  vapor,  instead 
of  diffusing  through-out  the  tube,  as  would  most  gases,  re- 
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mains  immediately  over  the  melted  sodium  somewhat  like  a 
viscous  cloud.   That  the  vapor  does  remain  of  practically 
constant  len;';th  is  evident  from  the  fact  that  aftor  repeated 
heatin'  and  cooling  of  such  a  tube,  the  sodium  does  not  con- 
dense outside  its  initial  position  in  tae  tube.   Thus  through- 
out the  experiment,  the  column  of  sodium  -bapor  remained  at 
fairly  constant  length,  density  and  temperature. 

A  110-volt  circuit  was  connected  to  t:\e   mai^net  through 
a  double-knife  switch,  rheostat  and  ammeter.   Since  the  mapnet 
coils  were  made  of  very  large  wire,  a  hoavy  current  could 
be  used  and  the  rheostat  was  adjusted  until  the  current  v/as 
35  anperes,  and  all  the  observations  were  made  with  this 
current  through  the  magnet.    This  current,  of  course,  heated 
the  magnet  somewiiat,  but  after  a  short  time  this  heating  be- 
came fairly  steady  and  with  a  constant  current,  the  variation 
in  tie  field-strength  introduced  no  more  error  than  the  errors 
of  observation.   The  strength  of  the  field  was  deterTTiined  by 
measuring  the  rotation  for  D  light  which  a  tube  of  carbon  bi- 
sulphide, 3.2  cm.  in  length,  produced.   The  average  rotation 

obtained  v/as  16.0.   Assuming  0.042  in  minutes  of  arc  as  the 

o 
value  of  Verdetfo  constant,  this  rotation  of  16  corresponds  to 

a  field  strength  of  2790  C.  G.  S.  units. 

Considerable  difficulty  v/as  experienced  in  trying  to  ob- 
tain a  sufficiently  intense  beam  of  light.   This  light  had  to 
pass  through  v;'--oiis  optical  parts  and  also  the  dense  vapor  so 
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that  finally  only  a  s^-iall  percentage  of  t-'u;  incident  lipht 
succeeded  in  getting  through  the  apparatus.   As  first  tried, 
the  light  from  an  arc  was  brought  to  a  focus  just  in  fmnt  of  the 
polarizing  Nicol  and  after  passing  through  this  and  t 'le  sodium 
vapor,  it  could  be  completely  extingusihed  by  the  analyzing 
Kicol.   .   Just  in  front  of  the  analyzing  "icol  was  placed  a 
transmission  grating  of  14000  lines  and  when  the  Nicols  were 
parallel,  a  bright  spectrum  was  produced  in  the  first  order. 
When  tho  Nicols  were  crossed,  the  spectrum  entirely  disappeared. 
The  sodium  was  now  slov/ly  heated  and  with  the  Nicols  parallel, 
the  D  absorption  band  slowly  appeared  becoming  wider  and  wider 
as  the  vapor  becane  denser.   Also  the  spectrum  was  displaced 
in  a  direction  perpendicular  to  its  length  on  each  side  of 
the  D  band,  in  opposite  directions.   This  anomalous  effect 
was  very  marked  and  easily  expla.ined  if  it  be  remembered  that 
at  fi'-st,  the  sodium  vapor  is  not  of  uniform  density,  but 
densest  at  the  bottom  and  most  rare  at  the  top  of  the  tube. 
The  vapor  t  .-len  acts  like  a  prism  and  thus  the  effect  of  crossed 
prisms  is  obtained.   This  anomalous  displacement,  however, 
soon  disappears  as  the  tube  becomes  more  evenly  heated  and 
after  about  ten  minutes  heating,  the  spectrum  is  straight  through 
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out  its  length.   Care  was  always  observed  not  to  begin  obser- 
vations on  the  rotation  until  tne  spectrum  was  straight. 

The  Micols  were  now  crossed  and  wiien  the  current  was  turned 
on,  the  light  was  immediately  restored  for  quite  a  distance 
fron  each  side  of  the  V    absorption  band.   It  also  seemed  as  if 
there  \vere  some  light  restored  in  part  of  tne  spectrum  corre- 
sponding to  the  position  of  the  red  channel  bands  but  it  was 
not  possible  to  be  sure,  with  this  arrangement  of  the  appa- 
ratus.  If  tne  analyzing  Ilicol  was  nov    slov/ly  turned  in  a 
direction  which  indicated  a  positive  rotation  tnere  appeared 
two  broad  black  bands,  one  on  each  side  of  the  D  band.   As 
the  ilicol  was  rotated  more  and  nore  ,  these  bands  narrowed  up 
and  moved  closer  and  closer  to  the  edges  of  the  D  band,  until 
finally  they  reached  it.   This  showed  that  tne  rotation  was 
positive  on  both  sides  of  the  D  band  and  bir  the  readings  of 
the  Nicol,  it  was  seen  tnat  the  rotation  was  very  great  close 
to  the  edges  of  the  D  band,  but  that  it  rapidly  decreased 
for  points  furtner  and  furt.ier  away.   By  using  less  dense 
vapor  and  a  reflection  grating  mounted  on  a  spectrometer,  it 
v/as  possible  to  see  in  the  second  order  that  the  rotation  was 
also  positive  betv/een  the  two  D  lines,  but  the  light  here  was 
too  faint  to  permit  a  very  accurate  determination  of  its  amount. 
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It  was  nov/  necessary  to  devise  some  means  of  determining  the 
wave-length  cut  out  by  the  black  band  as  the  Micol  was  rotated. 
To  effect  tnis,  tiie  light  from  the  arc  <vas  focussed  on  a  slit 
and  then  made  parallel  by  a  collimating  lens  before  it  passed 
through  the  first  Micol.    After  emerging  from  the  second 
Nicol,  it  then  fell  upon  a  plane  reflection  grating  and  into 
the  telescope  of  tiio  spectrometer.   Then  the  light  fron  a 
Helium  tube  and  a  Mercury  tube  was  sent  through  at  the  sane 
time,  by  means  of  a  snail  right-angled  prisra  placed  on  the 
slit  of  t  tie  collimator,  with  the  intention  of  using  their 
characteristic  lines  as  reference  points  from  which  to  meas- 
ure wave-lengths.    But  it  was  found  impossible  to  make  the 
lines  appear  sufficiently  bright  and  the  use  of  these  tubes 
was  abandon.ed. 

Next  the  sunlight  from  a  heliostat  was  substituted  for 
the  arc,  v/ith  the  hope  that  t  ae  Fraunhofer  lines  might  be 
sharp  enough  to  be  used.   But  these  too,  proved  to  be  too  in- 
distinct to  be  employed. 

The  next  method  tried  was  the  following;  sunlight  was 
focussed  on  the  slit  of  a  Monochro-nati  c  Illuminator  and 
light  of  the  desired  wave-length  then  transmitted  through  the 
first  Nicol,  the  sodium  and  the  analyzing  Nicol  in  turn.   Then 
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the    latter    was    rotated    until    tne    light    appeared    to    t ne    eye, 
to    be    entirely    extinguished.  By    this    means    the    rotation    for 

different    wave-lengths    was    obtained    a':    so.re    distance    on    either 
side    of    the    D    band,    but   when    settings    were    made    up    near    it,    the 
source    of    light    could    not    be    made    mono  c  hron.it  ic    e.   .       .   ,    even 
with    the    slits    of    the    Monochrcnat ic    Illuminator    very    ntirrow, 
since    the   magnetic    rotation    in    this    vicinity    is    very    great, 
and    although    the    Nicol    might    be    turned    so    as    to    extinguish 
light    of    one    wave-length,    light    of    other    wave-lengths    ".vould 
still    pass    through.      With    tuis    arrangement,    however,    the 
rotation    was    measured    for    wae-lengths    rat'ier    distant    from    the 
D    band    and    readings    v/ere    taken    until    the    restored    light    beca'ie 
too    feeble    to    make    the    settings    accurate. 

For    tne    vicinity    of    the    D    band    another    method    v/as    found 
whicn    proved    very    staisf actory .       The    sunlight    was    concentrated 
by    a    larj^e    convex    lens    and    then   made    parallel    by    a    sraaller 
lens.       This    rvarallel    beam   was    then    sent    through    the    Nicols 
and    sodium    tube    and    focussed    upon    the    slit    of    a    two-prism 
spectroscope    which   possessed    a    resolving    power    sufficient    to 
separate    the    Ti    lines.       By    this    means    tho    Fraunhofer    lines 
were    in    sharp    focus.       An    auxiliary    scale    reflected    into    the 
field    of    view,    appeared    superposed    on    the    solar    spectrum. 
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The  positions  of  some  of  tne  principal  lines  wore  determined. 
These  positions  along  with  the  calibration  curve  are  ?'iven 
be  low. 


Calibration  o  f  S  teinheil  Sp e ctro s  cope . 


Line 


V/ave-length 


a  .7185^/^ 

B  .6870 

C  .6563 

Dj^  .5890 

E,  .5270 

b,  .5184 

F  .4861 

Calibration    of    Thermo-elenients . 


S  c ale -Reading . 
0.20 
1.10 
2.20 
5.30 
9  .45 
10.20 
13.35 


Average  temperature  cold  junction,  30.0  C. 

o 

Hot  junction  in  melted  tin,  temp.  232  J  average  deflection,  12.3 

"       "  zinc,   "     419°  ;    "  "  .      24.4 

"  aluninium,"  657";   "  "       39.5 
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Temperat.ire    of    t  lie    Sodiun   Vapor. 

"alvanoneter  scale  readings  during  experiment. 

28  .0 
27.5 
28.1 
27.7 
27.6 


Average      27.3.  Temp,  of  Vapor  =  470 
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With  the  Nicols  parallel  and  the  vapor  of  the  right  den- 
sity, not  only  was  the  D  absorption  band  visible,  but  also 
the  red  and  blue  absorption  bands  were  very  ;  trong.   'lo^v  whon 
the  Nicols  were  crossed,  the  field  was  dark  but  when  the  cur- 
rent was  turned  on,  tne  spectrum  brightened  up,  not  only  on 
each  side  of  tne  D  band  gradually  shading  off  in  intensity, 
but  also  in  the  red  and  blue.   As  many  as  eight  dist:inct  red, 
and  eight  blue, bright  bands  were  counted.   These  bright  bands 
were  contiguous  with  the  red  and  blue  absorption  bands   of 
sodium  vapor  and  since  the  normal  rotation  of  the  vapor  was 
too  small  to  be  detected  by  the  method  of  crossed  Micols,  the 
appearance  of  these   bright  red  and  blue  bands  showed  conclu- 
sively that  the  red  and  blue  absorption   bands  have  also   a 
very  marked  effect  on  the  '^lagnetic  rotation. 

When  now,  the  Nicol  was  slowly  rotated  positively,  the 
black  bands,  mentioned  before,  slowly  crept  up  to  the  C  band 
and  any  wave-length  desired  could  be  cut  out  on  each  side  of 
the  T,    band,  but  it  was  impossible  to  cut  out  the  red  or  the 
blue  light.    Great  care  v/as  used  and  the  xrial  made  over  and 
over  again  to  endeavor  to  measure  the  rotation  in  these  parts 
of  the  spectrum.   The  Nicol  v/as  rotated  very  slowly  through 
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small  and  large  angles,  both  positive  and  neirative,  but  t  iio 
red  and  blue  li°;ht  could  not  be  extinguished,  however  the 
Nicol  was  rotated.   It  seoms  probable  that  where  apparently 
was  a  bright  red  band,  say,  there  were  in  reality  a  great  many 
wave-lengths  close  together  and  t.ia-  v/aen  the  Nicol  was  in  a 
position  to  cut  out  one  wave-length,  the  light  fron  the  adja- 
cent vave-lengths  masked  the  effect,  owing  to  the  snail  re- 
solving poYsr  of  the  spectroscope. 

The  bright  blue  bands  due  to  magnetic  rotation  were  nuch 
fainter  than  the  red  and  it  was  noticed  that  v/hen    the  vapor 
was  of  the  right  density,  the  bright  red  bands  might  be  pres- 
ent, but  not  a  trace  of  a  blue  band  visible.   This  indicates 
that  the  rotati9n  is  -reater  for  those  bright  red  bands  than 
for  tne  blue  ones. 

The  Nicol  was  rotated  and  the  position  of  the  black  hands 
noted  with  reference  to  the  spectroscope  scale.   The  position 
of  tiie  Nicol  was  read  and  the  temperature  of  the  vapor  re- 
corded.  The  readings  were  always  taken  with  a  constant  cur- 
rent through  the  ma>"'net.   Throughout  the  experiment  the  tem- 
perature of  the  vapor  remained  very  constant  as  v^.ll  be  seen 
by  the  galvanometer  readings. 
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The  D  absorpt :' on  band  extended  frora  5.10  to  5.13  on  the 

spectroscope  scale,  or  from  wave-length  5930  to  5870  corre- 

spending  to  a  difference  of  60  Angstrom  units.   The  black 

band  is  verj-  sharp  and  iiarrow  up  close  to  the  D  band,  its 

width  being  about  0.5  of  a  scale-di vi sd on ,  but  proceeding  away 

from  the  absorption  band,  it  gradually  v/idens  out  and  becomes 

less  sharply  defined  at  the  edges.    As  explained  above,  use 

was  made  of  this  band  starting  from  the  D  band  and  noving  out 

as  far  from  eacn  side  of  the  D  band  as  possible  while  the 

were 

remainder  of  the  rotations*  determined  with  the  Monochr  oiaatic 

A 

Illuminator . 

The    rotations    for    the    edges    of    the    D    band    were    obtained 
by    gradually    rotat:ng    the    Nicol    and    turning    the    current    on    and 
off    until    no    motion    of    the    edge    of    the    D    band    could    be    per- 
ceived.      This    setting    could    be    ir.ade    v/ith    an    error    not    greater 
than    tv/c    per    cent    and    the    mean    of    the    readings    is    probably 
not    out    inucn   more    than    one    per    cent.       It    will    be    seen    on    re- 
ferring   to    the    table    below,    that    the    highest    rotation    obtained 

o 
on    the    red    r>ide    of    the    D    band,    was    +    62.7       for    wave-ler.gth 

o 

5930    and    the    highest    on    the    blue    side,    +    107.6    for    wave- 

O  II 

le-igth    5S70,       In    otaer    v/ords  ,    at    a   distance    of    2 1    Angstrom 
units    from    D,,    towards    the    red    the    rotation    v/as    +69.7     ^    and    at 
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a  distance  of  20  Angstrom  units  fro.-n  D^  toward-  ..-  blue  the 
rotation  v/aa  +107.6. 

Table  I  gives  the  readings  taken  with  the  spectroscope, 
table  II,  taose  with  the  Monochromatic  Illuminator,  wliile 
table  III  gives  a  suanary  of  the  tv/o . 

During  the  experiment,  a  very  curious  effect  was  noticed. 
V/ith  the  Vapor  very  dense  and  the  Nicols  crossed,  the  current 
was  turned  on  and  the  light  in  the  different  parts  of  the 
spectrum  was  restored  as  mentioned  above.  ^Ihen    now  the  cur- 
rent was  broken,  the  yellow  light  on  eacii  side  of  tht)  D  band 
persisted  for  quite  a  while  after.   The  time  of  this  persist- 
erice  v;as  about  tv/o  or  three  seconds.   In  order  to  be  sure  that 
this  was  not  due  to  any  physiological  effect,  the  current  v/as 
turned  off  and  the  eye  placed,  a  second  or  two  later  at  the 
telescope,   could  still  see  the  persists  .ce  of  this  light. 
Tv/o  explanations  are  possible.   Either  the  magnetic  field 
persisted  for  two  or  three  seconds  after  the  current  was  snut 
off,  or  there  vras  set  up  in  the  sodium  vapor  some  state  which 
continued  for  th.is  length  of  time  after  the  current  was  broken. 
As  mentioned  above,  sodium  vapor  acts  like  a  viscous  gas,  if 
one  nay  use  the  term,  and  it  is  just  possible  that  the  latter 
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Table  I. 


Rotation  with  Spectroscope. 


Length  of  Vapor  =  3.2  cm.        Temperature  of  Vapor  =  470". C, 
Strength  of  Field  =2.T^0  C.  G.  S.  units.   Zero  of  Nicol  =  11.0 


Spectroscope 

S  c  a  1  e 


'«Vava- 

lenpths . 


Nicol    Readings 
I.         II.  Ill 


Rotat  i  ons. 

1 .       II.       III. 


Av.    RotatiOBs 


an    ae-Tees. 


4.70 
4.8  0 
4.90 
5.00 
5.10 
5.25 
5.30 
5.43 
5.50 
5  .  50 
5.70 
5.80 


6005 
5985 
5965 
5950 
5930 
589  6 
58  9  0 
5870 
5855 
5835 
5820 
5805 


14.0 
16.8 
20.5 
33.0 
80.0 


117.6 
34.2 
21.6 
17.5 
15.4 


14.1 
16.1 

20.6 
32.8 
81.2 


119  .0 
34.5 
21.8 
17.4 
16.1 


13  .8 
16.5 
20.8 
33  .1 
80.8 


3  .0 

5.8 

9.5 

22.0 

69  .0 


119  .2 
34.6 
22.0 
17.7 
15.8 


/06.  6 
23  .2 
10.6 
6.5 
4.4 


3.1 

5.1 

9  .6 

1o,Z 


/of.  0 
iS,  5 
10, % 
6  .4 
5.1 


2.8 

5.5 

9.8 

22.1 

69  .8 


+    3.0 

5.5 

9.6 

22.0 

69.7 


16%, Z 

23.5 
11.0 

6.7 

4.8 


107.6 

23.4 

10.8 

6.5 

4.8 
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Table  II. 
Rotate  on  'vith  "o  no  chro"vj.t  J  c  Illu'ninator  . 


Illuminator 

Wave- 

Mi  col  Reiid 

inss 

Rotations 

A.V.  Rotations 

S  cale 

lenrt h  8 

1.   II. 

III. 

I.   II   III. 

in  decrees. 

9.1:0 

6150 

11.3 

11.3 

11.2 

0.3 

0.3 

0.2 

-e  0,3 

9  .35 

6100 

11.4 

11.1: 

11.5 

0.4 

0.4 

0.5 

0.4 

9  .30 

6050 

11.8 

11.8 

11.7 

0.8 

0.8 

0.7 

0.8 

9  .25 

6010 

13.7 

13.6 

13.8 

2.7 

2.6 

2.8 

2.7 

8.95 

5770 

13.2 

12,8 

12.9 

2.2 

1.8 

1.9 

2.0 

8.90 

5  72  5 

12.5 

12.4 

12.3 

1.5 

1.4 

1.3 

1.4 

8.85 

5690 

12.2 

12.2 

12.1 

1.2 

1.2 

1.1 

1.2 

8.80 

5660 

12.0 

12.1 

12.0 

1.0 

1.1 

1.0 

1.0 

8.7  5 

5630 

11. f 

11.6 

11.7 

0.6 

0.6 

0.7 

0.6 

8.70 

5600 

11.5 

11.4 

11.3 

0.5 

0.4 

0.3 

0.4 
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Table    III. 


Rotations    fro"i    7/avo-le  T,p-,th8    6150    to    5600. 


Wave- 

,                1 
Rotation 

length 

in  decrees. 

6150 

+  0.3 

6100 

0.4 

6050 

0.8 

6010 

2.7 

6005 

3.0 

5985 

5.5 

5965 

9  .6 

5950 

22  .0 

5930 

69  .7 

*  / 

5896 

D^ 

5890 

5870 

107.6 

5855 

23.4 

5835 

10.8 

5820 

6.5 

5805 

4.8 

5770 

2.0 

5725 

1.4 

5690 

1.2 

5660 

1.0 

563  0 

0.6 
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1e    tho    true    explanation.       It    hardly    seems    possible    that    the 
magnetic    field    could    persist    fi^'T    ^:'>    long    a    tnine,    and    yet, 
reasoning    from   the    phenomena    of    f  luoi'oscence    and    phosphor- 
escence,   it    would    bo    surprising    if    the.   sodium   vapor    required 
so    much    time    to    recover    its    normal    state.       It    is    possible    that 
by    using    a    helix    of    raany    turns    of   wire,    with    no    iron    and    a 
very    heavy    current,    the    point    could    bo    decided.       But    it    is 
rather    doubtful    whether    one    could    fnus    obtain    a    field    any- 
thing   like    as    strong    as    Virith   the    iron.       If    this    method    failed, 
possibly    a    flip-coil    might    be    used    betvfeen    the    magnet    poles 
to    determine    hovr    long    it    takes    for    the    magnetic    field    to    die 
dcv/n . 


CONCLUSIONS. 


Three    theories    have    been    advanced    to    explain    raagnetic- 

rotaticn;    (l)    the    theory    based    on    the    hypotliesis    of    molecular 

17 
currents       •       This    theory    presupposes    that    in    para-magnetic 

substances    there    are    n:olecular    currents    due    to    the    motion    of 

the    ions    in    circular    orbits    and    that    these    molecular    currents 

are    partially    or    wholly    turned      into    su-ch    a    direction    that    the 

magnetic    lines    due    tc    them    are    superposed    upon    the    lines    due 

to    the    external    field;    in    diarnap:net  ic    substances,    ..;-„.^vor, 

there    are    ordinarily    no    such    currents.         But    as    soon    as    they 

are    brought    into    a   masnetic    field,    they    have    induced    in    thera, 

molecular    currents,    the    magnetic    lines    of   which,    are    directed 

against    the    external    field.         If    now    the    ion    producing    this 

molecular    current    be    acted    on    by    the    electric    force    of    a 

light    wave,    the    point    around    which    it    rotates    is    shifted.       This 

displacement    of    tho   molecular    current    thus    gives    rise    to    a 

displacement    of    the    magnetic    lines    of     force.         This    loads    to    tho 

conclusion    that    the    rotation    should    have    a    different    sign    on    the 

tv:o    sides    of    an    a'^sorption    band.         This    prediction    v/as    veri- 

18 
fied    by    Schmauss'       experiments,    for   he    obtained    opposite    ro- 


17.  Zeo    Drude's    Optics,    Eng.    Trans,    p.    418. 

18.  Schmauss,    1.    c. 
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tations  on  each  side  of  the  band;  (2)  the  theory  on  the  basis 

19 

of  the  "Hall  Effect"  .     Hero   it  is  asf.;ur-Gd  tlat  we  rave 

movable  but  not  rotating  ions.   Eince  an  ion  in  motion  rep- 
resents an  electric  current,  it  will  as  a  result  of  the  "Hall 
Effect",  when  placed  in  a  strong  ".r,^nfitir  field,  azcvev^  ey^ce 
a  force  v;hich  is  perpendicular  to  the  elecient  of  current  and 
the  direction  of  magnetization.    Hence,  in  a  magnetic  field 
the  current  lines  tend  to  move  in  a  direction  at  right  angles 
to  their  direction.   This  theory  leads  to  just  the  opposite 
conclusion  of  (1),  i.  e.,  the  rotation  should  have  the  sa-Tie 

sign  on  both  sides  cf  the  band.   This  has  been  verified  in 

20 
the  case  of  sodium  vapor  by  the  v/ork  of  Zeeman   ,  ^'acaluso 

21 
and  Corbino   and  by  t  iie  present  experiment;  (3)  the  theory 

22 
advanced  bjr  Voigt   shows  that  in  the  vicinity  of  the  band  and  at 

the  same  distance  from  each  s  "i  d  e  of  it,  the  rotation  should 

23 
have  the  same  sign  and  magnitude;  a  later  addition   to  this 

theory  shov/s  that  a   negative  rotation  should  bo  ry-nctpri  Iripide 
the  band,  about  equal  in  absolute  value  to  the  positive  rota- 
tion just  at  the  outer  edge.   The  experiments  of  "acaluso  and 
Corbino  v/ere  :n  contradiction  to  this  since  they  obtained  a 


19.  See,  Drude's  Optics,  p.  433. 
20 . Zeeman  ,  1 .  c . 

21.  'v'acriluso    and    Corbino,    1.    c. 

22.  Voigt, Ann.    d.    Phys.    u.     Chem.    67,    p.    345,    1899. 

23.  Voigt,    Ann.    d.    Phys.    u.    Chem,    6,    p.    784,    1901. 
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small  positive  rotatrion  inside  the  band,  but  the  high  negative 
rotation  observed  by  Zeonan  seems  to  confirm  this  part  of  the 
theory.   According  to  this  theory  the  maximum  rotation  near 
the  band  should  be  independent  of  the  field  strength  and  the 
negative  rotation  in-side  should  decrease  as  the  field  in- 
creases.  Schmauss'  experiments  seened  to  have  verified  this 
po  int . 

While  previous  experiments  with  sodium  vapor  have  had  to 
do  v/ith  the  rotation  very  close  to  the  D  lines,  the  present 
method  has  permitted  the  measurement  of  this  rotation  over 
a  considerable  range,  from  wave-length  6150  to  wave-length 
5600  and  has  also  established  the  f-:'.ct  that,  not  only  does  the 
D  absorption  band  F.reatiy  influence  this  rotation  but  that  the 
strong  absorption  bands  in  the  red  and  blue  have  also  a  very 
marked  effect.   With  a  much  higher  resolving  power  it  might 
be  possible  to  measure  their  rotatory  effect  also. 

I  am  deeply  grateful  to  Pro^'essor  Ames,  Professor  .'ood 
and  to  my  fellow-student  !'!r .  A.  H.  Pf  und  ,  for  their  generous 
assistance  in  carrying  out  the  above  work. 
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